Biomedical advances in vision research have been greatly facilitated by the clinical accessibility of the visual system, its ease of experimental manipulation, and its ability to be functionally monitored in real time with noninvasive imaging techniques at the level of single cells and with quantitative end-point measures. A recent example is the development of stem cell-based therapies for degenerative eye diseases including AMD. Two phase I clinical trials using embryonic stem cell-derived RPE are already underway and several others using both pluripotent and multipotent adult stem cells are in earlier stages of development. These clinical trials will use a variety of cell types, including embryonic or induced pluripotent stem cell-derived RPE, bone marrow-or umbilical cord-derived mesenchymal stem cells, fetal neural or retinal progenitor cells, and adult RPE stem cells-derived RPE. Although quite distinct, these approaches, share common principles, concerns and issues across the clinical development pipeline. These considerations were a central part of the discussions at a recent National Eye Institute meeting on the development of cellular therapies for retinal degenerative disease. At this meeting, emphasis was placed on the general value of identifying and sharing information in the so-called ''precompetitive space.'' The utility of this behavior was described in terms of how it could allow us to remove road blocks in the clinical development pipeline, and more efficiently and economically move stem cell-based therapies for retinal degenerative diseases toward the clinic. Many of the ocular stem cell approaches we discuss are also being used more broadly, for nonocular conditions and therefore the model we develop here, using the precompetitive space, should benefit the entire scientific community.
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Keywords: cell-based therapy, stem cells, age-related macular degeneration, retinitis pigmentosa T he National Eye Institute (NEI) in collaboration with the National Institutes of Health (NIH) Center for Regenerative Medicine (NIH CRM) organized a meeting to help advance and accelerate the field of stem cell-based therapies for retinal degenerative diseases. In these discussions, the NEI intramural program on induced pluripotent stem (iPS) cell research was used as a particular example, in order to be concrete and because it coincides with a primary outcome of the 2013 NEI Audacious Goals initiative to ''Regenerate Neurons and Neural Connections in the Eye and Visual System'' (http://www.nei. nih.gov/audacious/, in the public domain). Several stem cellbased therapies have been already proposed against degenerative eye diseases for the back of the eye. Some of the pioneering work in this field began from development of protocols to differentiate RPE from embryonic or iPS cells or from adult RPE stem cells. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Several different protocols are being developed for clinical-grade manufacturing. Researchers have found efficacy by using bone marrow-or umbilical cordderived mesenchymal stem cells, and fetal neural or retinal progenitor cells in preclinical animal models. [12] [13] [14] [15] [16] [17] [18] This meeting brought together a diverse group of international experts, associated with cell-based therapies from the public and private sectors (the Table includes a list of groups involved in developing cell-based therapies for the back of the eye), to advance and accelerate two main goals: (1) identify road blocks and find potential solutions for clinical application, production, and regulation of stem cell-based therapies for retinal degenerative diseases, and (2) promote collaborations among academic labs and private companies interested in these therapies.
In his opening remarks, NIH Director Francis Collins provided an elegantly clear and broad view of stem cell advances over the previous 10 years in the context of biomedical advances, challenges, and opportunities. He highlighted the particular advantages of the eye as an organ system for developing stem cell-based therapeutics, citing the recent striking breakthroughs in stem cell-based ocular organogenesis. More generally, he pointed out the extraordinary translational potential of iPS cells and strongly emphasized the need for ''disruptive innovation'' 19 as well as the importance of moving forward in collaboration with global collaborators. Both factors would be needed to overcome the scientific and technical barriers that lie ahead. He highlighted the unique set of characteristics and collaborative resources available in the intramural program including NIH Center for Advancing Translational Sciences (NCATS) and the NIH Clinical Center. The former with high throughput screening to quickly analyze small molecule therapeutics, test for toxicity, and analyze pathways of disease, and the latter, the world's largest research hospital, to help facilitate and manufacture iPS cellbased therapeutics, an immediate NIH goal.
Paul Sieving, the NEI Director pointed out the need for collaboration among groups working on the concept of cellbased therapies in the back of the eye (the Table includes a complete list of groups working on cell-based therapies in the back of the eye; also see Ramsden et al. 7 ). The path to a clinical trial is long and the end points of successful clinical intervention are elusive, therefore requiring diverse collaborations to advance the field. He also pointed out that the eye is an ideal organ in which to begin trial therapies using stem cells because of the optical and surgical accessibility of its internal structures and the broad and growing spectrum of noninvasive procedures that allow us to closely monitor clinical procedures. He presented the NEI Audacious Goals initiative ''Regenerate Neurons and Neural Connections in the Eye and Visual System'' to emphasize the overlap between the goals of this particular meeting to enhance and accelerate collaboration in the development of stem cell therapies against retinal degenerative disease and the just completed deliberations of a very large segment of the entire vision research community that found this to be a worthwhile target. He concluded with a quote from Einstein that ''logic will get you from A to B, and imagination will take you everywhere.'' The pioneering work completed by many dedicated people over the past several years provides a comprehensive portfolio that now allows us to consider and implement a wide range of clinical interventions using stem cell-based therapies.
The Director of the NIH Center for Regenerative Medicine, Mahendra Rao, began his presentation with a brief elaboration of the meeting agenda. He first pointed out the clear and urgent a priori need for stem cell-based clinical trial planning that includes tissue sourcing, clinical-grade manufacturing of cells, and preclinical animal studies. The present meeting was organized to induce discussions on all of these topics. He compared/contrasted the relative advantages and disadvantages of embryonic stem (ES) versus iPS cells as follows: (1) ES cells have been studied for a longer period of time as compared to iPS cells and are therefore better characterized, (2) ES cellderivation methods allow the possibility of less genetic manipulation, (3) the biggest advantage that iPS cells provide is the possibility of autologous (and HLA-matched) transplants, which are immunologically more compatible with the host, (4) autologous transplants are likely to have fewer Food and Drug Administration (FDA) regulatory requirements as compared to allogeneic transplants, and (5) compared with ES cells, iPS cells are relatively easy to make, consent forms are less elaborate, and there are practically no ethical concerns with these cells. Economics is another important factor in considering stem cell trials based on the use of autologous versus allogeneic cells. Autologous cells can be more expensive and logistically challenging, but can be produced on a smaller scale using university/hospital scale good manufacturing practice (GMP) facilities.
A mandate of the NIH CRM is to facilitate stem cell-based clinical trials by developing and sharing resources in collaboration with the wider NIH community. For example, NIH CRM has developed contractual agreements with WiCell for clinical grade manufacturing of ES cells, and with Cellectics and Lonza for clinical grade iPS cell manufacturing. The NIH Clinical Center, Department of Transfusion Medicine (DTM) is currently developing capacity for the clinical manufacturing of iPS cell lines, tissue sourcing, cell storage, and the production of mature cells for transplantation. The NEI Intramural program is actively participating in these efforts with David Stroncek and his colleagues in the NIH Clinical Center Cell Processing Section. Both NEI and NIH CRM generated current Good Manufacturing Practice (cGMP) grade ES/iPS cells and NIH Drug Master Files (DMF) will be made available for crosslicensing and cross-referencing to other academic and private groups interested in similar efforts. The DMF is a document that contains complete information on all aspects of the cell manufacturing process and preclinical validation. Publicprivate partnerships provide intellectual synergy and cost reduction that benefit the biomedical community and ultimately, the American public. 20 Rao concluded by reminding us that it takes a village to plan and execute a clinical trial and it is a NIH responsibility to facilitate these collaborations.
Malcolm Moos, a senior investigator at the Center for Biologics Evaluation and Research (CBER)/Food and Drug Administration (FDA), provided the FDA perspective on stem cell-based therapies. He pointed out that for the approval of a phase I clinical trial, the main FDA concern is safety. More specifically, the mandate is that ''human subjects are not exposed beyond reasonable and significant risk of illness or injury.'' In addition to safety, FDA would also like to see data supporting product efficacy. He correctly pointed out that stem cells are a complex product, whose ''critical quality attributes'' are hard to define. Without the possibility of terminal sterilization, the product has inherent risks in terms of microbiological safety. Tumorigenicity and misdifferentiation are also potential concerns. It is often difficult to measure their efficacy, they have limited stability, a short half-life, and their heterogeneity biases cell sampling. Stem cells and their derivatives may include rare populations of cells that can provide beneficial or detrimental effects that may not be easy to quantify. His suggestion to the community is that we focus a priori on all these issues, perform better characterization and provide operational definitions of cell authenticity. Tighter specifications will improve product performance, reduce variability, and help us to meet endpoints goals during the pivotal efficacy trials.
Kapil Bharti, an NEI Earl Stadtman Investigator, summarized the ongoing NEI clinical efforts using iPS cells. He illustrated the value of collaborations and information sharing in the precompetitive space with a specific example involving autologous stem cell therapy. Traditionally, autologous stem cell therapy is usually given less consideration because it involves the use of a business model that is not economically viable. He suggested that the extra cost of this therapy can be mitigated by sharing DMF, clinical grade iPS cell lines, and other reagents needed for the investigational new drug (IND). For their iPS cell-derived RPE based clinical trial, the NEI team is planning to leverage several of the NIH intramural resources, including basic stem cell and RPE expertise, the clinical-grade manufacturing abilities of the Clinical Center Cell Processing Unit, the ability of the NEI clinic to manage a phase I/II clinical trial and long-term patient care, and the NEI/NIH ability to transfer technology/licenses to other centers. All of these features and the NIH commitment to provide training and expertise in various clinical aspects of stem cells will position NIH with characteristics described for an ''Alpha Stem Cell Clinic,'' a term recently proposed by the California Institute for Regenerative Medicine (CIRM, in the public domain at www. cirm.ca.gov) for a clinic capable of independently carrying out all the above mentioned tasks. 21 To accelerate therapeutic development of stem cell therapies, CIRM has solicited proposals for creation of an Alpha Stem Cell Clinics Network, intended to provide an efficient, high quality, sustainable infrastructure to support clinical testing of investigational products, and eventual delivery of approved therapies, that will include consultative services, operational support, and a data and information management resource for informing the field and educating patients and the public. The NEI's efforts in this direction involve the use of contracts made by NIH CRM to Cellectis and Lonza and the NIH Clinical Center cGMP facility. In order to optimize a cGMP-ready RPE differentiation protocol, Bharti has generated a TYROSINASE-GFP reporter iPS cell line. The generated iPS cell-derived RPE cells are grown on artificial biodegradable scaffolds to generate a polarized RPE tissue that has been functionally tested in vitro. He emphasized the need for an authenticated and physiologically relevant set of ''release-criteria'' for RPE cells and, as one example, suggested the measurement of apical to basolateral membrane fluid absorption across the monolayer to show that the cells are functional. 22 He concluded with an offer of NEI collaboration on different aspects of the clinical pipeline, including clinical grade iPS cell lines, reporter iPS cell lines, iPS cell to RPE differentiation protocol (research grade or clinical grade), transplantation tools, and DMF.
The presentation by Bharti was expanded on by Alan Hubbs to provide details on technology transfer mechanisms and collaborative pathways at NEI. These opportunities were briefly summarized using examples from several NEI laboratories (Bharti, Miller, and Swaroop). He summarized and compared two different types of collaboration, one that used the NEI Material Transfer Agreement (MTA) with nonintellectual property (IP) terms. As a comparison, Hubbs also described collaborations that required a more formal cooperative research agreement where the IP terms need to be negotiated. Sury Vepa, a Senior Licensing and Patenting Manager at the NIH Office of Technology Transfer, described the path to licensing for several of the NEI generated technologies. National Institutes of Health policies allow for an exclusive license in the case of therapeutic drugs. Most technologies are licensed nonexclusively and know how is not licensed at all. Vepa also summarized specific examples for licensing technologies that were mentioned in Bharti's presentation.
CLINICAL TRIAL PLANNING
These discussions encompassed four main themes: Session 1 was on tissue sourcing; Session 2 covered GMP Manufacturing; Session 3 focused on Preclinical Animal Models; and Session 4 discussed From Animal Models to Clinical Trials.
Session 1: Tissue Sourcing
Sara Hull (see Appendix) began her presentation with the observation that ''ethically weak biomaterial donation practices can undermine the research built upon them.'' 23 She further pointed out the mandate to respect the moral, religious, and ideologic views of volunteers who are the source of stem cells for all research and clinical applications. Commercial use of human biomaterial collected without appropriate consent can lead to both ethical and legal challenges. A notable example is the 21 human ES cell lines that were eligible for funding under the Bush administration. The consent forms associated with the use of these lines contained notable omissions and restrictions 24 that, for example, limited the ability to distribute them broadly and failed to inform participants about the risks of the loss of privacy. This had the effect of limiting the use of a number of these lines by the scientific community. A similar example, mentioned by Mahendra Rao, concerns the use of existing cord blood banks for making HLA-matched iPS cell line panels. These panels are NIH funded and the stored samples are HLA-typed. Unfortunately, most of those cord blood banks cannot be used because they lack the appropriate consent forms. These examples highlight the dual role of a robust informed consent that not only respects the study participants, but also protects the research outcomes and the precious resources that funded those research outcomes.
Two main types of consent models have been proposed and used in the past: the broad one-time consent, and the ''sustained interaction'' consent. 25, 26 The former model obtains participant consent solely at the time of specimen collection for unrestricted and unspecified future research use. Such consent has often been sufficient in the past for collecting patient samples for genetic analysis, but may not have informed participants about emerging issues such as public access to genetic databases, partnerships with pharma, and novel applications of regenerative medicine. The latter consent model proposes a priori mechanisms for ongoing communication with donors to address some of these concerns and provides a means for reconsent as new potential uses and risks are identified. This model increases cost, donor and researcher burden, and it is logistically challenging to track ''de-identified'' stem cell lines to a particular donor. Currently, most biobanks are not set up to follow a ''sustained interaction'' model of obtaining consent.
Hull proposed an intermediate, hybrid consent model 27 that provides the possibility of a broad prospective consent for biospecimen collection that covers foreseeable research and for commercial applications such as disease analysis, large-scale screening applications, banking, distribution, and therapy. This model establishes boundaries around the uses of deriving reproductive tissue and the use of human cloning, and it describes potential reasons for recontacting the donor. Therefore, this consent form encourages ''sustained interactions'' to the extent feasible and with an option to opt out for the donor, within practical limits (item number 12 below). However, Hull acknowledged that ''sustained interactions'' are still a high-maintenance activity that will require a sustained costly infrastructure to maintain donor confidentiality.
Consent, as discussed above, relates to cell donors. Consideration should also be given to the issues surrounding informed consent for recipient participants in the clinical trials using stem cells. For both cell donors and recipients, the consent form should be explicit about what kind of information emerging from the research will or will not be returned to participants. Prior to submitting samples to cell repositories and permitting secondary use or distribution, the responsibilities of the investigators submitting samples, the repository and secondary users of samples should be clearly defined with respect to maintaining contact with donors, obtaining reconsent (if needed), limitations or restrictions on sample use, and returning results.
The guidelines for tissue sourcing and consent form considerations for stem cell-based clinical trials (ES or iPS or adult donor or fetal/adult cadaver stem cells) are as follows:
1. Potential risks and benefits of participating in a particular study should be clearly stated in the consent form; 2. The language of the consent form should be simple and easy to understand by each participant; 3. Appropriate language for all foreseeable intended uses of tissues, including broad research and potential commercial use of stem cells and their derivatives without any ownership claims by the donor or their next of kin should be included. This may include use as a therapeutic and/or a commercial product, ability to share stem cells, their derivative, and/or data obtained with them. The consent form should also state that donors may not have claims on patents issued on clinical grade stem cell lines generated from their material; 4. Adult donor stem cells and iPS cells are often obtained from a still living donor. Because the genetic information available through these cells can be potentially used to identify the donor, donor confidentiality needs to be protected by appropriate de-identification of the samples. This concern is exacerbated by the potential immortal nature of these cell types. If the samples are shared with other investigator, patient identifiers should not be shared; 5. The immortal nature of most stem cell types increases the potential to discover currently unforeseeable applications in the future for which specific consent was not obtained up front. Even with broad consent, investigators should consider the possibility of reconsenting study participants for unanticipated uses, especially if new risks are identified; 6. The pluripotent nature of iPS and ES cells, and multipotent nature of adult stem cells also increases their applicability, translational, and therapeutic value. The consent form should be broad in terms of their use for different organs/tissues across the body; 7. Use of stem cells to derive reproductive tissue and use in human cloning goes beyond the general diseaserelated research uses that would be covered by a broad consent form. Any plans to use stem cell lines for these kinds of purposes must be mentioned explicitly in consent forms, separate from the broad consent described in number 3 above; 8. Permission should be obtained to perform wholegenome sequencing, genome editing, and animal (rodents, primates, etc.) transplantation experiments. Plans for managing the results of genome sequencing, including plans not to disclose results to the donors, should also be described in the consent form. For example, sequencing results obtained from stem cells may not be valid relative to the original patient material from which they were derived; 9. In the case of ES cells, refer to the detailed consent requirements for the donation of embryos. These are described as part of the NIH Guidelines for Human Stem Cell Research (in the public domain at http:// stemcells.nih.gov/policy/pages/2009guidelines.aspx); 10. In the use of fetal/adult cadaver tissue, respect for next of kin views should be maintained while seeking permission for use in research/clinical applications; 11. Consent for an autologous therapy should be handled separately from the consent to donate specimens, with detailed descriptions of the transplant procedures and associated risks; 12. Limits to a donor's ability to withdraw from the study should be described up front. For example, donors can withdraw anytime and have their identifying information removed from samples and data, but under certain circumstances they will not be able to withdraw their cells or cell-derivatives. These include situations where cells have led to a research/clinical/commercial application that has been shared between labs or has high therapeutic potential; 13. In addition to the institutional review board (IRB) requirements for a consent form, researcher need to also follow FDA requirements for consenting the donors before tissue is sourced. The FDA (or an equivalent agency for other countries) donor eligibility Human Cell and Tissue Product (HCT/P) requirements for screening and testing should be met.
Session 2: GMP Manufacturing
A Good Manufacturing Practice (GMP) product is operationally defined by a set of ''Critical Quality Attributes'' that satisfy regulatory requirements. The first speaker in this session, Jiwen Zhang (see Appendix), pointed out that such Critical Quality Attributes (CQAs) can be achieved by a combination of correct tools and the appropriate collaborations between tool providers and cell therapy product developers. In other words, GMP is a systematic scientific approach that employs controlled production processes to manufacture FDA-regulated products. In the United States (US), FDA mandated GMP guidelines regulate manufacturing of potential drugs and devices for human use. The regulatory framework and defined critical quality attributes for pharmaceuticals include safety, identity, purity, stability, and potency/biological activity of the product. The GMP requirements for cell-based products are the same as for small molecules and biologics, but are harder to define.
The GMP optimization of cell-based therapy products includes the scale-up of production from lab-grade and is often challenging since it limits product development and testing process. Most importantly, for stem cell-based products ''the process is the product.'' Standard operating procedures (SOPs) need to be developed and validated for every step of the process. Depending upon the starting material (source/age/ genetics/disease status), it is difficult to control process variability and its impact on critical quality attributes of the product. A significant challenge is that the final product is a live cell, it cannot be terminally sterilized. Therefore, raw materials and the process must be rigorously controlled. Another challenge presented by stem cell-derived products is that the relative viability of cells affects multiple critical quality attributes, including purity, potency, stability, and identity. This makes it hard to reproduce the process with defined SOPs. Some of these concerns can be addressed by shortening the culture duration and by developing closed and/or semiautomated culture systems. In summary, a continuous close collaboration between academic labs, product manufacturers, tool providers, and regulators is needed to develop regulatory standards for various cell therapy manufacturing platforms and will help achieve defined quality attributes for GMP development and production of stem cell-based therapies.
The International Organization for Standardization is commonly referred to as an ISO. This acronym refers to an international consortium to develop and publish SOPs and CQAs for goods and services of their member organizations. International Organization for Standardizations offer standardization procedures for both the public and private sectors and certification is a major step in allowing companies to confidently compete in a global economic community. For example, the WAVE Bioreactor, a single use closed bioreactor system with presterile disposable Cellbag, is an excellent example of an ISO certified product that meets all these GMP criteria. It is intended for early stage manufacturing of human cells in suspension and has been successfully used to manufacture clinical-grade T-cells and natural killer (NK) cells. The bioreactor is ISO certified for several biosafety attributes including in vitro cytotoxicity, local and acute systemic toxicity, cytotoxicity, irritation and sensitization, endotoxin, and sterility of cellular products manufactured in it.
These topics were taken up again in the context of an added complexity, global collaborations, that often include differing perspectives in the regulatory and manufacturing arenas. Toshio Miyata from the Japanese Ministry of Health, Labor, and Welfare (MHLW) introduced this discussion. Miyata, a cardiac surgeon by training, joined the MHLW with the goal of helping to reorganize policies for the accelerated approval of clinical trials in Japan. The MHLW is the main organization in Japan that approves GMP-based products. It seeks guidance from the Pharmaceuticals and Medical Devices Agency (PMDA), its technical arm that performs data analysis and scientific review for good lab practices (GLP) and GMP products in Japan. Two years ago the PMDA was reorganized and they opened a new Office of Cellular and Tissue-Based Products. In collaboration with institutions such as RIKEN in Kobe, PMDA has modified their guidelines for stem cell-based clinical trials and is now also taking a lead role in developing the guidelines for filing INDs. This has helped accelerate approvals for GMP products in Japan; for example, Miyata announced an autologous iPS cell-derived RPE clinical trial
Downloaded From: http://tvst.arvojournals.org/ on 04/08/2018 led by Takahashi that is currently scheduled for initiation in 2014. These modified policies at MHLW should also allow for an earlier commercialization of regenerative medicine products. The MHLW now provides ''adaptive licensing'' for cellbased products with an earlier detection and evaluation of adverse events (safety) and probable benefits in a smaller patient population (e.g., 10-30 patients). This is followed either by marketing and a subsequent round of approval and evaluation on a larger patient population or by expiration of the initial approval. He also emphasized the need for simultaneous global development and highlighted the ongoing efforts between MHLW/PMDA and FDA to harmonize guidelines for cell-based product approval in Japan and the United States. The presentations by Zhang and Miyata generated considerable discussion around two core topics enumerated below, the areas of collaboration and GMP requirements for cell-based INDs. ) have adopted standards for biosafety to ensure that contaminants can be avoided in the product, and there are no adverse effects of the manufacturing process on the product. Biosafety standards such as ISO 10993 that have been used in medical device and biologics GMP production are also applicable to cell or tissue therapy tools. Tool providers need to supply equipment and instrumentation that meet biosafety standards, but product manufactures need to ensure proper utilization in the GMP process to obtain a microbiologically safe product. Such requirements are more stringent for allogeneic products that pose the risk of infectious agent propagation in a large population. Academic lab and product manufactures have to work together to ensure that the product meets HCT/P FDA guidelines in section 21 CFR 1271.
Some Critical Areas of Collaboration
When looking at performance standards, the performance of tools used in cell therapy manufacturing is crucial to achieve CQAs that are needed to ensure regulatory requirements for optimal product quality. Academic labs should invest time and efforts to carefully evaluate and validate tools' performance at an early product development stage to ensure successful production for the clinical study and commercial supply. Collaborations between academic lab, product manufacturer, and close interactions with regulators will ensure development of correct functional performance standards. Performance standards are in turn linked to cell characterization parameters. Cell characterization parameters include viability, identity, purity, and biological activity or potency. Organizations involved in developing cell characterization parameters and analytical tools to measure those parameters, include ASTM, National Institute of Standards and Technology (NIST), International Society for Cellular Therapy (ISCT), and the American Association of Blood Banks (AABB).
For documentation, tools, biosafety characterization, and performance validation need to be included in the Chemistry, Manufacturing, and Control (CMC) section of an IND. A commonly used mechanism to support an IND filing is to cross reference to a DMF. Reference to a DMF can aid the development of new cell-based INDs and facilitate collaborations between academic labs/private companies.
GMP Core Elements for Stem Cell-Based INDs. Labs and product manufacturers need to follow standard FDA guidelines recommended for cGMP manufacturing. Summarized below are some specific concerns/challenges for stem cell-based products.
1. Facility and equipment: Stem cell-derived products are often cultured for long periods of time. Therefore, careful monitoring of aseptic working facility and equipment is needed. Disposable equipment and consumables should be used whenever possible. Closed systems provide an advantage to maintain aseptic working conditions. In the case where multiple autologous products are manufactured in parallel, dedicated equipment should be used for each product, if feasible, to avoid cross-contamination; 2. Personnel: Personnel need specific training to work with stem cells, for example, to derive/reprogram multipotent or pluripotent stem cell populations and to handle lineage specific differentiation protocols; 3. Supplies and reagents: All the materials used in the manufacturing process need to be tested in-house or a certificate of analysis (COA) needs to be obtained from the provider for the absence of adventitious agents. There are specific concerns with the use of xenomaterial such as FBS, matrigel, feeders, and growth factors. Recommended guidelines are contained in 21 CFR 1271.290 (b); 4. Manufacturing process and record keeping: Manufacturing processes in the case of stem cell and their derivatives is also considered a part of the product. Standard operating procedures need to be established and validated for each step of the culture method. Critical manufacturing process controls should be established to monitor every production lot and for control of lot-to-lot variability. If needed, purification steps need to be developed and completely validated. Record keeping is specifically critical for stem cellderived products because of long-term culture requirements. Autologous cell-based products need close monitoring and clear record keeping to avoid delivery of nonimmune compatible products; 5. Laboratory controls: For stem cell and their derivatives, major concerns are product consistency, purity, safety, stability, and potency. Therefore, lab controls should be established to quantify all of these critical quality attributes. For stem-cell derivatives, optimization of the manufacturing process is ensured in two ways: (1) the use of functional controls during manufacturing that analyze consistency, reproducibility, and efficacy of the process and therefore insure the release of significant quantities of therapeutic cell product, and (2) the use of controls that measure purity, microbiological safety, and potency of the product. Finally, a major challenge is the need for quantitative, reproducible functional assays that are monotonic with the potency of stem cellderived products; 6. Packaging and distribution: Live stem cell-based products raise additional concerns for packaging and distribution. Utmost care needs to be taken to maintain aseptic packaging and distribution of stem cell-based products. Use of cryopreserved cells will aid in these processes.
Session 3: Preclinical Animal Models
The main theme of this discussion, led by Joy Cavagnaro (see Appendix), concerned the inadequacy, in many situations, of preclinical animal models of disease to fully or even partially model their human counterpart (see below).
Preclinical studies are intended to include: an established rationale for the clinical study and provide a mechanism of action; a rationale for dose escalation study starting with a safe minimum dose and therefore establish a pharmacologically effective dose for patients; an optimized administration route for cells/tissue transplant and show that the transplant can be safely delivered; and identification of potential toxicity from transplanted cells/tissues, characterize the toxic effect, and determine how often the toxic effect is seen.
Preclinical studies with cell-based products are fundamentally different than studies that use traditional small molecule drugs, mainly because stem cells and derivatives can survive in animals for much longer periods of time, can migrate to and integrate into any tissue, and can change cell fate/differentiation potential. Therefore, preclinical toxicology (including tumorigenicity) studies need to be performed for several months. There is a need to perform immunogenicity studies even if the cell-based product is autologous, but the need for these studies increases if the product is allogeneic. Efficacy studies need to be performed in a disease relevant model. Furthermore, the design of the preclinical study may change depending upon whether the product is a multipotent stem cell, a progenitor, or a stem cell-derivative and whether the cells are in suspension, encapsulated, or as sheets on a scaffold or without a scaffold. A preclinical study should be carefully planned because often efficacy data is interpreted over optimistically and toxicity data is dismissed as a speciesspecific difference. Safety endpoints are rarely included and a proper dose-response curve is often missing in preclinical studies. As Cavagnaro pointed out, preclinical studies need to satisfy FDA requirements and should be designed to provide answers for clinical trial decision-making.
Transplantation of human cells into an animal is by definition a xenograft study. It does not address the immunologic concerns of transplanting autologous or allogeneic human cells into human, but if designed carefully these preclinical studies can provide relevant safety and efficacy information about therapeutic products. Specific considerations for a preclinical study involving stem cell-based therapeutics in the back of the eye include the following:
1. Choice of animal model: It is important to perform preclinical studies in an animal model that can be informative for the clinical trial. Often more than one model might be required and this may depend on the kind of cell-based therapy (cell suspension or cell sheet) under evaluation. In the case of ocular cell-based therapies, both genetic and injury based models exist, and although the models do not fully represent the human disease they can be used to address specific questions about the cell-based product. For safety and biodistribution studies, small rodents might be sufficient. ''Humanized rodent'' models might be good choice for these kinds of studies. [28] [29] [30] However, mice may not be appropriate to determine the efficacy of a RPE sheet. Mouse eyes are too small for transplantation of a cell sheet. The Royal College of Surgeon (RCS) rat model 31, 32 of retinal degeneration secondary to RPE dysfunction is currently a FDA-accepted model for efficacy studies involving stem cell-derived RPE transplantation. Rabbit, pig, or monkey models might be needed depending upon the size of the cell sheet to be tested. Devices used for surgery and the surgical procedure will also need to be tested in a large animal model with eyes comparable in size to the human eye. However, Huang pointed out that analogous cell types would need to be tested to avoid issues with receptorligand incompatibility between species, which would render results of human cell transplantation across most xenogeneic barriers un-interpretable and clinically irrelevant (e.g., CD172 and macrophage inhibitory receptor CD47 incompatibility) 33 ; 2. Study design and controls: Animal work should be designed to avoid surgery bias, for example: (1) if feasible, the use of product should be randomized against a placebo control in a masked fashion, (2) transplantation experiments can be staggered over several days/weeks, (3) different cell lots should be used, and (4) different individuals should perform surgery. Additional controls based on a particular model can, include sham surgery control, immunosuppression control, and transplantation device control. Assessment of the data should be masked. Adequate numbers of animals should be tested to ensure that the data are appropriately statistically powered; small rodents (10-20/sex/group/time point); nonrodents (4-6/sex/group/ time point); 3. Dosing: Cell doses need to be chosen carefully to reflect the human situation. An appropriately scaled down, yet effective dose for small animals may not be easy to calculate. Dosing is more complex for a cell sheet; it may require different number of sheets or sheets of different shape/size. For the eye, particularly for macular degeneration, dose has been calculated according to the size of the macula (roughly 200,000 cells); 4. Efficacy endpoints: The eye allows easy noninvasive visualization of the transplant, which should be a standard routine test. In animal models, integration of the transplant can be easily demonstrated by histologic analysis. It is critical to use functional tests that provide an accurate indication of transplant function and visual function improvement. In the case of photoreceptor or RPE transplants, it may be necessary to test the function of both tissues. Behavioral and/or cortical recordings can be obtained to ensure proper visual recovery. Transplant survival should be monitored for several months and this should also guide the time course of efficacy evaluation; 5. Safety and toxicology endpoints: Delivery of cell suspension or cell sheet in the back of the eye is usually a minimally invasive procedure, but animals still need to be evaluated for damage caused by the delivery/surgery procedure per se (sham controls). Several aspects of this procedure can cause inflammation in transplanted animals; for example, surgery, cells, and the biomaterial for the scaffold. Antiinflammatory agents should be used after the surgical procedure and inflammation can and should be routinely monitored. Animals should be evaluated for inappropriate cell proliferation (tumors, ectopic tissue mass), ectopic differentiation, and migration to nontarget tissues. Food and Drug Administration guidelines require safety evaluations to be done for several months after transplantation. Spiking of transplants with undifferentiated ES/iPS cells can be used to test for purity and safety of a differentiated cell type. This provides data about minority populations of cells that may turn into tumors; 6. Toxicology studies, include changes in body weight, appetite, serum chemistry, blood cell count, blood coagulation, kidney and heart function, and the rate of mortality. Comprehensive animal pathology will need to be performed on most body organs. In some cases it may be useful to consider targeted studies in larger animal models (e.g., rabbits, pigs, or nonhuman primates) to confirm/optimize extrapolation of an efficacious dose as well as safety to humans.
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Jan van Meurs (see Appendix), the leadoff speaker in this session, is a retinal surgeon whose work has formed the basis for stem cell-derived RPE transplantation in the back of the eye. He discussed his work on the autologous translocation of RPE in patients with exudative AMD. He pointed out that subsets of these patients that do not respond to anti-VEGF therapy, develop RPE tears, fibrotic scars, and hemorrhage, are likely good candidates for autologous RPE translocation. 34 In the initial attempts, this procedure was performed using a suspension of RPE cells isolated from the midperiphery of a patient's eye. 35 Injection of this RPE cell suspension under the macula did not result in any vision improvements, and often resulted in cell clumping and migration of some cells into the vitreous, leading to proliferative vitreoretinopathy (PVR). Bill Aylward isolated a healthy RPE sheet from an area adjacent to the macula and transplanted it to diseased macula. 36, 37 van Meurs later modified this procedure to obtain a full thickness RPE, Bruch's membrane, and choroid graft from the midperiphery allowing him to collect a larger sheet in a relatively more controlled fashion. This multilayered sheet was then transplanted in the affected macular area of the same eye. In all cases, the RPE graft was apparently revascularized from the remaining choroidal vessels. 38 In a unique example, a patient has been followed over 10 years with 20/32 best corrected visual acuity, reading vision, and little metamorfopsia (van Meurs J, personal communication, 2013). This approach has some limitations: (1) the graft itself is of the same age as the patient, and may reflect aging-associated changes, (2) it is often damaged by the surgical procedure, (3) the tissue tends to stick to the surgical device and has the tendency to curl at the edges, and (4) there may be intraoperative and postoperative hemorrhage complications leading to PVR. van Meurs concluded his talk by emphasizing that a transplanted autologous RPE sheet provides beneficial effects for a subset of AMD patients and this finding supports the concept of carrying out similar treatments using a stem cell-derived RPE sheet.
Christene Huang (see Appendix), the second speaker, highlighted the importance of transplant immunology for the success of a stem cell-based therapeutic. 39 She emphasized that the innate immune response, our first line of defense, is triggered by surgical damage, injury, infection, and by foreign material (e.g., scaffolds). Macrophages, NK cells, and granulocytes are the key mediators of this response. Innate immune activation, if left unchecked, can lead to activation of adaptive immune responses, including generation of cytotoxic T-cell (CTL) responses and antibody production against the foreign substance and against allogeneic cells. Therefore, one approach to diminishing the activation of an adaptive immune response is through control of the innate response following a transplant. For cell-based therapies, the source of cells can also have important immunological implications. The use of unmanipulated autologous cells would be the best option to avoid an immune response. Other sources that may invoke some degree of immune response include HLA mismatched allogeneic cells; HLA matched but minor HLA mismatched allogeneic cells; autologous cells with a xeno-antigen expression; autologous cells with an ectopic fetal antigen expression; and any xeno-material transplanted with cells (scaffold). Several strategies can be employed to combat antitransplant immune response in a host: (1) use of local and/or systemic immunosuppressive drugs, (2) enhancement of soluble immunosuppressive factors secreted by host cells or transplant itself may suppress the activation of responding cells, (3) tissues with low to absent expression of MHC class I may avoid damage from CTL responses, however, increased sensitivity to lysis by NK cells may occur, 40 and (4) immune privilege due to preservation of intact barrier functions or local immunoregulatory properties of the host tissue; however, immune privilege may be compromised in a diseased state. Examples of immune modulatory mechanisms that play a role in controlling immune responses in the eye include the anterior chamber-associated immune deviation (ACAID) where exposure to allogeneic cells in the anterior chamber of the eye can induce regulatory T-cells that suppress T-cell-mediated immunity. [41] [42] [43] More recently, it has been shown that RPE cells express the antiinflammatory TAM family of receptor tyrosine kinases, which play a role in controlling inflammation during 'homeostatic phagocytosis' of the outer segments of photoreceptors. 44, 45 Huang concluded by emphasizing that for a successful clinical intervention using a stem cell-based product, a combination of these approaches may have to be employed. She also emphasized that appropriate animal models are needed for proper assessment of immune responses to cellular therapy. The use of analogous cell types transplanted across allogeneic barriers would be much more appropriate than transplantation of human cells across xenogeneic barriers when assessing immunogenicity, cell survival, and even tumorigenicity.
Clinical Trial Design Considerations for Stem CellBased Therapeutics (Back of the Eye)
Regarding disease choice and patient selection criteria, the choice and stage of disease to target may depend on the mechanism of action of stem cell-derived products. There are two main categories, cells in suspension and cells in a sheet. In the case of stem cell-derived RPE, cells in a suspension probably function by providing nonpolarized trophic support or nonspecific phagocytosis. They may provide beneficial effects through the secretion of neuroprotective cytokines or neurotrophic factors and the ability to clear out debris in the subretinal space. 46, 47 If the cells do not integrate in the host retina/RPE/choroid layer, they may not survive over long periods. This approach may work in diseases where the area of atrophy is not extensive and the host tissue is able to respond to neuroprotective stimuli. Cells in a sheet provide polarized trophic support, specific receptor mediated phagocytosis, and vectorial fluid absorption from the apical to basal side. Of course, the cell sheet will have to integrate into the host layer for cells to function over longer periods. This is preferred in cases in which the area of atrophy is relatively large and a part of host RPE is nonfunctional.
Scaffolds are both biodegradable and nonbiodegradable. Biodegradable scaffolds provide the advantage that RPE cells can use the biological membrane that is laid out by them during in vitro growth and provides a platform for guided integration with the host RPE. However, because of their degradability they pose a significant regulatory challenge and may lead to short-term local inflammation. Nonbiodegradable scaffolds can more easily obtain FDA approval, but may not be as versatile inside the eye. For example, they may not allow transplanted RPE to integrate with the host RPE layer, and over longer periods may accumulate proteinaceous deposits that cause an inflammatory response and blockage of free nutrient/ metabolite exchange.
Cell suspensions provide a huge advantage in delivery when considering surgery. Cells can be easily delivered via readily available, small diameter cannulas into the subretinal space, causing minimal retinal injury and forming a small bleb, which is quickly absorbed. In contrast, transplantation of a cell sheet requires a special delivery device that can hold and protect the sheet during the surgical procedure. The graft needs to be transplanted in the subretinal space in the correct apical-basal orientation, and a relatively large retinal opening is required, which may increase the risk of complications.
When controlling the immune response, local steroids will be required in every case to reduce surgery-associated inflammation. Allogeneic transplants may need long-term immunosuppression; currently both systemic and local immunosuppression have been planned. Systemic immunosuppression increases the risk of infections and tumor induction, whereas local steroid-based immunosuppression increases patient risk of developing glaucoma and cataract. Because inflammation can be easily monitored in the eye, careful monitoring of the patients will provide the possibility of modulating the immune suppression regime.
When considering the outcome variables, quantitative outcome measures should be carefully selected to follow the disease course and progression before transplantation to determine the clinical variability of a test, as well as the progression of a disease of interest. This will allow researchers to efficiently determine the efficacy of cell-based intervention. Although visual acuity is often a primary outcome variable in ocular therapeutic trials, it may not be ideal in all cases because of the state and nature of the condition; other functional and structural measures may also provide proof of efficacy, especially in early, proof of concept trials. One such example are studies, which showed that expansion of geographic atrophy in patients with the dry form of AMD directly correlates with improved visual acuity or function.
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CONCLUSIONS
The notions of cooperation/connection are buried deep, some would say too deep, in the human psyche. However, the essays of Lewis Thomas posit that there is nothing ''so communal, so interdependent'' as science/biology (The Lives of a Cell, 1974; The Fragile Species, 1992). 50, 51 The clinical potential of human embryonic stem cells was well appreciated following their first description in 1998, 52 but progress toward translation was initially slow. In the past decade, scientific enthusiasm toward stem cells has significantly increased partly due to unprecedented technologic advancements, including the sequencing of the human genome, success with adult stem cell therapies, and most importantly, the discovery of human iPS cells in 2007. 53, 54 These scientific and technologic advances and the clear need for therapeutic interventions in a host of debilitating diseases, including retinal degenerative disease, have formed the basis for the clear anticipation of immense clinical progress in the near future. Stem cell-based therapy is currently considered as the ''third pillar of medicine,'' the first two being small molecules and biologics. 55 Stem cell-based therapies have complicated safety and regulatory requirements, because each therapeutic unit is a complex, highly interactive biological entity. The potentially wide-ranging interactive ability of these ''units'' greatly expands their therapeutic potential compared with biologics or small molecules. Currently, multiple therapies with different rationales and mechanistic approaches are moving forward to the clinic. Ideally, they can all move forward with the same vigor while eliminating overlapping sets of roadblocks. Although the current interest in clinical trials is high, it is critical to exercise extreme care and caution in these initial attempts to develop a successful cell-therapy for retinal degeneration. New field standards for safety and efficacy as well as IRB protocols and consent forms need to be jointly established in collaboration with the FDA and for use by the entire scientific community.
Based on historic precedence, the limitation in resources, and in the interest of time, we strongly believe that continued cooperation/collaborations are necessary for the development of multiple successful clinical outcomes. It is anticipated that in the next 5 years several clinical studies will be completing their phase I safety trials. The success of these phase I trials depends on our ability to now cooperate in the solution of many as yet unanticipated regulatory and technical problems. We will then be at a critical crossroad given the much greater resources required for the implementation of phase II and III trials. Our ultimate goal is the widespread delivery of effective cell-based therapy for multiple retinal degenerative diseases. To achieve that goal, the success of current initiatives is critical and fundamentally dependent on our ability to work collaboratively across a broad based community.
The present discussion and previous considerations 20, 56, 57 suggest an open-access model for accelerating the development of a cell-based IND for retinal degenerative diseases. Our open-access model is similar in approach to a recent publicprivate partnership initiative called Arch2POCM. 56, 57 This network of biomedical professionals (Arch) includes pharmaceutical companies, academics, and funding and regulatory agencies across the United States, European Union (EU), and Canada. Its goal is to exchange proof of clinical mechanism (POCM) for new potential drugs so that wider medical applications can be developed. This network would provide open public access to their phase II clinical data demonstrating safety and efficacy of a potential drug without any intellectual property claims. The hope is that negative POCM will help increase patient safety and reduce redundant efforts. We propose a similar active utilization of the precompetitive space to share information in the cell therapy field that would maximize patient safety and help shed light on redundant and apparently nonviable approaches. This goal suggests the following recommendations for investigators and companies in the four areas discussed above:
1. Develop consent forms that allow broad use of donor material and are accepted by multiple international regulatory agencies. These consent forms must also provide flexibility to accommodate radical scientific innovations and allow easy exchange of cell-therapy material across different trials. To help transform these recommendations into specific guidelines, we propose an annual meeting of this group where experts from the academic sector, industry, funding and regulatory agencies, and patient-advocacy groups can all meet to determine an optimal set of specific guidelines that can be quickly brought to practice. We realize that the process of openly sharing intellectual property in a precompetitive space and the development of international databases for information sharing is a relatively new and daunting task. Nonetheless, we are encouraged and propelled along this shared path by strong synergies now developing for the creation of cell-based therapeutic interventions and for the analysis of disease. These efforts are energized and informed by public/private partnerships that extend over the entire biomedical community and include a strong public mandate.
